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The apparatus comprises two levelling instruments 
each of which has a sensitive axis and gives an electrical 
signal which, for a range of attitudes, is a function of the 
magnitude of the angle between that axis and the direction of 
the earth s gravitational field at any moment, means for 
rotating each instrument about an axis which is approxi- 
mately vertical, a central receiver, and means for trans- 
mitting the signals from the instruments to the receiver 
The receiver contains means for taking the instantaneous 
Difference of the signals, and means for displaying or re- 

st°/„minr that di " erence - ™ e ^r rotating etch in- 

strument may be secured to the ship or may be located 
within the theodolite. 20. 3.73 as 166493 (13pp) 



tES 



Granted to British Aircraft Corporation Lirniniu, luhuu.., 
England 



APPLICATION No. 
FILED 



166,493 
Mar. 20, 1973 



PRIORITY DATE 



No. OF CLAIMS 1 



DISTRIBUTED »r THC PATENT OfflCC. OTTAWA. 

CCA 774 (2 7*1 



978737 



electrical signal which, for a range of attitudes, is a function 
of the magnitude of the angle between that axis and the. direction 
of the earth's gravitational field at any moment , . the 
method comprising: 

(a) installing a first such instrument on the structure, 
either on a first mounting or on a piece of equipment, with 
provision for rotation of the instrument relatively to the 
structure about a rotation axis which is approximately vertical, 
the sensitive axis being perpendicular to this rotation axis, 

(b) likewise, installing a second such instrument on said 
structure on a second mounting or piece of equipment, 

(c) bringing the two instruments to rotational positions 
about their rotation axes each with its sensitive axis 
approximately aligned with a common direction in the structure, 
and taking the instantaneous difference of the signals of the 
two instruments, thereby obtaining an output the magnitude 
and polarity of which varies in accordance with the magnitude 



and polarity of^the angle between the rotation axes when 

projected onto the vertical plane containing the common direction, 

(d) thereafter rotating each instrument about its 
respective rotation axis in the same polarity through the same 
angle, and again taking the instantaneous difference of the 
signals of the two instruments, 

(e) adjusting at least one mounting or piece of 
equipment, having regard to the differences taken under steps 
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„„ t pa rt ,«.«» ">-«- " cludes s " ltchos e ° nt " 

rolled W Knobs 30, and a »ter viable through a wia.ov V. 
By operation of the switches, *e netor oan bo connected to bo 
actuated either by a ^nal «- a selected one of the levels, 
or by the signals fro. a selected two of the levels, in such a 
„ ay as to display the instantaneous differenoe of the signals. 

It will be apparent that a stable type of eirouit for 
tatt'n* the instantaneous difference V the signals fro. two 
le vels such as are shown in Figure 3 is a Wheatstone bridge in 
10 . which the fou, linbs are constituted by the left and ri e ht 

halves of two levels. 

T„o of tW levels 12 are counted on a clinometer. Ihxs 
consists of a base 34 having a flat undersuxfaoe 36, and a 
platfor. 38 which can be rotated relatively to the base 34 about _ 
a horizontal axis, and then looted, the inolination of the 
platform to the base beir* indicated by a soale. Suoh cllnom- 
eters are wall Known. The level 12 is fixed on top of the 
• platform, with the sensitive axis of *e level (i.e. the 

creation of leasth of the tmclcsuxe IB) extendi in a plane 
20 . perpendicular to the axis of rotation of the platform ,8 rolat- 

tve to the base 34. 

i' h . other two levels 12 are counted on respective theodrtes. 

Hpal1v in Pi«rure 1, and one is shown 
These are shown diagranaatically in Jribur 

a +Qi 1 in Pi--ure 2 to which reference is now made, 
in more dexail in rx^iure c 

• A3 is well Known, a theodolite includes an upper body 40 
that is rotatahle relatively to a lower body 42 about a 
substantially vertical axis. This lower body is supported by 
levelling screws 44 on a base 46 which is runted on a tripod 

30 A telescope 50 is carried by the upper body 40 on a 

• ' Horizontal axis 52, about which the telescope can be rotated to 

elevate and depress the telescope. 

- 3 - 
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these readings are all xhe result of taking differences between 
the signals froa the two levels, they are" not affected by bodily 
motion of the ship (this is assuming that the notion is not so 
violent as to introduce substantial accelerations, nor so 
extensive as to cause the love Is to operate beyond the range at 
which there is a linear relationship between tilt and signal). 

It is possible that the ship may have an angle of list uuch 
that the levels; if placed directly on the surfaces, would reach 
the end of their available range. Since the levels are mounted 
10. on clinometers, if such a situation develops, then both clin- 
ometers can be inclined to an equal extent, with no effect on 
the difference readings recorded from the receiver. 

With previous/procedures, using bubble levels observed 
visually,, it has been necessary to fix the- ship in a particular 
attitude by shoring up in a dock, With the use of the present 
invention, the ship can be fully afloat,, and even at sea in 
reasonably calm water, and it is also possible for loading to 
be in progress, so that the trim of the ship is changing. 
',. ftxanrole 2 i 
20. The two levels mounted on theodolites are used to determine 

the relative alignment, of a piece of equipment and its datum, 
, where the datum is not in direct sight of the piece of equipment. 
: For this purpose, one theodolite is stood in a convenient 
position. in view of the datum, and the other theodolite is stood 
in a convenient, position in view of the piece of equipment. 
Then," by- the use of Hie present invention, the two theodolites 
are aligned with one another. This is described below. Once 
this alignment has been achieved, then inf or;jation is obtained 
optically, by methods which are.no part of the present invention, 
30. as to the relative alignment of the first theodolite and the datum 
on the one hand and of the second theodolite and the piece of 

* equipment on the other hand. 

Usually the datum an* the piece of equipment already have 

_ 5 - • 



(e) adjusting at least one mounting or piece of 
eouip^ent, having regard to the differences taken under steps 
(c) and (d), so as to bring the rotation axes into exact 

\ 

parallelism, 

(f) tilting the structure about a horizontal axis into 
an inclined attitude such that the rotation axes are 
substantially out of the vertical, 

(g) taking trie instantaneous difference of the 
signals of the. two instruments while, the structure is in this^ 

inclined attitude, and • - . 

(n) rotating one of the instruments- about its rotation 

axis until the difference is zero. ' I 
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